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SECTION I 
THERMAL DECOMPOSITION OF BIS-NITROSOCARBAMATES 
--
A. INTRODUCTION 
During the process of preparing bis~diazoalkanes~ 
Carlos M. Samour ( 2) discovered the fact that a number of 
the di-nitrosocarbamates which were his intermediates proved 
to be considerably unstable. This instability was found to 
be not only in effect when treated with bases or acids, 
but air, sunlight and heat also caused decomposition. 
The purpose of the present research was to determine 
the decomposition temperature of some of these compounds and 
the products which would result when subjected to thermal 
shock. Previous work has given indications that the thermal 
decomposition resulted in unsaturated compounds, carbon-
dioxide, nitrogen and tars. These results were to be 
verified qualitatively and quantitatively and an attempt was 
to be made to develop an explanation of a mechanism for this 
type of thermal decomposition. 
1. 
B. DISCUSSION 
The first compound whose decomposition products were 
determined was N,N'-dicarbethoxy-N,N'-dinitroso-1,6-hexa-
methylenediamine. Decompositions were at first carried out 
in small quantities, in order to find the temperature at which 
the compound decomposed completely. Amounts up to 3 g. were 
placed in a small glass bulb of about 1 em. diameter, which 
led to a dry-ice trap kept at -50 to -60°0. It was found that 
decomposition took place from about aooc. on, when bubbles 
could be observed to issue from the liquid, but when the 
product was heated in this manner, no definite sudden decompo-
sition could be made to take place upon heating up to 150°C. 
The ideal temperature for a fairly sudden decomposition was 
found to be 120°C., at which temperature the liquid would at 
first bubble, then boil vigorously and finally decompose with 
considerable force. When a sample of slightly greater weight 
was tried in this same manner, the force of the decomposition 
was so great that connections which had been wired were broken 
by the blast. Since a colorless liquid was observed to distil . 
just prior to decomposition, a side arm was installed on the 
side of the decomposition tube and a little of the liquid 
collected. This was determined to be ethyl alcohol. ! 
larger decomposition apparatus was · then constructed in order to 
decompose larger amounts and also to prevent destruction of 
the apparatus by the strong decomposition observed previously. 
For this reason, the apparatus was made all glass, with a side 
2. 
tube to lead off decomposition products, and a small receiver 
to collect any ethyl alcohol formed in the process. Since 
larger amounts of the dinitroso compound were found to give 
rise to too strong a decomposing action, the apparatus was 
designed so as to drop the nitroso compound onto a surface 
heated to the decomposition temperature. The tube leading 
from the decomposition flask then again led to a dry-ice trap 
on which a slight suction was applied during the experiment, 
in order to pull all the gases over into the trap. Ten and 
four tenths grams were decomposed in this manner which gave 
4.8g. (46.1% by weight of starting material) in the form of 
residue, 1.29g. (12.4%) as ethyl alcohol and biallyl which 
left 4.2g. (40.4~) which were assumed to have been carbon 
dioxide and nitrogen. Inasmuch as this figure does not 
correspond to . the theoretical moles of nitrogen and carbon 
dioxide which might be evolved, a portion of these must re-
main in the formation of compounds containing them. This was 
verified by a positive test for nitrogen which was found in 
the residue and infra-red absorption curves, indicating ester 
grouping in the only component isolated from the residue. 
Since the starting material for these decompositions 
could not be purified, it was decided to use another bis-
nitroso compound for further and more extensive study. c. 
Samour (2) had prepared N,N'-dinitroso-N,N'-dicarbomethoxy 
hexamethylenediamine and found it to be a solid, easily 
crystallizable, though also unstable to heat. 
3. 
This compound was then used for decomposition while making 
selective quantitative analyses for the gases given oft, 
namely carbon dioxide and nitrogen. 
The procedure followed was essentially the same as 
before, except that conditions were controlled more carefully 
and the action of the decomposing material was more closely 
observed and recorded. The bath temperature was kept constant 
at 130-140°C., since the effective decomposition temperature 
tor this compound was observed to be somewhat higher than 
that o~ the one previously used. A thermometer which was 
placed inside the decomposition flask, with its bulb about 
1 mm. from the bottom, showed a temperature ot 120°c. through-
out most ot the decomposition run. When a sample ot material 
decomposed either under or next to the thermometer bulb, the 
average rise of the thermometer was 5-6°. The actual decompo-
sition is therefore followed by considerable heat evolution. 
Nitrogen was measured by passing a stream of carbon 
dioxide through the decomposition flask and collecting the 
nitrogen evolved during the decomposition in a nitrometer 
filled with 50~ potassium hydroxide. 
Carbon dioxide, which was another gaseous product ot 
the thermal decomposition, was absorbed in ascarite tubes and 
measured by weight. 
Biallyl and methyl alcohol were collected in cold-
traps and distilled. 
The residue, which was a gummy, brown, polymeric 
4. 
material, was worked on considerably but without success. Its 
insolubility and unreactivity indicated highly complicated 
polymerization to have taken place and neither chemical nor 
physical treatment was effective in identifying any of its 
components. 
The quantitative determinations of the various 
products were not always consistent but a rough percentage 
estimate can be given in relation to the theoretical amounts 
which might be given off during decomposition. 
Nitrogen: 70% of theoretical two moles 
Carbon Dioxide: 65% " " " " 
Ethyl Alcohol: 70% " " " " 
Biallyl: 70~ " " one " 
The residue amounted to 25% of the original weight. 
The last few determinations were made with a vastly 
improved decomposition apparatus and it was decided to see 
whether the di-ethyl ester would follow the same decomposition 
as the di-methyl ester. Decomposition studies of both old and 
freshly prepared material showed a difference in the quantita-
tive aspects of the decomposition. The carbon dioxide deter-
minations showed a reduction to almost half the amount obtained 
from the di-methyl ester and the nitrogen determinations were 
also lower, although not to as great an extent. Whether the 
reason for this can be a relatively impure starting material or 
whether this compound actually behaves altogether differently 
when subjected to heat, could not be determined. 
5. 
C. EXPERIMENTAL PART 
1) Preparation of bis-nitrosocarbamates 
a) N,N'-dinitroso-N,N'-dicarbethoxy hexamethylene-
diamine: 
This compound was prepared according to the pro-
cedure used by C. Samour ( 2 ) • 
H2N-(CH2 )6-NH2 + 2 Cl COOC2H5 + 2 NaOH 
H H 
t t 
C~500CN-(CH2 ) 6-N-COOCzHs+ 2 NaCl • 2 HOH 
N,N•-dicarbethoxy hexamethylene diamine (52 g., 
0.2 mole) was dissolved in 200 ml. of glacial acetic acid in 
a one liter three-necked flask equipped with a mechanical 
stirrer, dropping funnel and thermometer. A saturated 
solution of 34.5 g. (0.57 M) sodium nitrite in water was then 
added dropwise keeping the reaction mixture at 10-15°C. at all 
times by means of a dry-ice-acetone bath. Despite vigorous 
stirring, considerable pressure was built up during addition 
and had to be relieved before further addition could take 
place. After addition was complete, the solution which had 
become dark yellow, was stirred for another hour, keeping the 
system air tight. Five hundred milliliters of ice water were 
then added and the viscous orange oil which appeared was 
separated. The aqueous solution was then extracted several 
times with ether and the extracts added to the oil. The 
ethereal solution was then washed with saturated sodium 
6. 
bicarbonate solution until all the acid had been removed and 
the washings were basic to litmus. After drying the ether 
solution over anhydrous sodium sulfate and filtering to re-
move the drying agent, the ether was taken off by suction at 
room temperature. When the volume had decreased to about 50 
ml., solid particles appeared, which kept increasing as the 
mixture cooled. When all of the ether had been removed in 
this manner, 52.3 g. of orange oil and crystalline mixture 
remained. Filtering through a sintered glass crucible pro-
duced 25 g. of orange oil which corresponds to a 39.4% yield 
of the di-nitroso compound. Twenty-one grams of crystalline 
material was recovered which was identified as the starting 
material. Subtracting this from the original charge gives a 
final yield of 82%. 
Since the desired product is so easily de-
composed, the following modifications in procedure should be 
adopted in the preparation. After separating the oil obtained 
from the reaction, it is taken up in a large quantity of ~ 
ether, which solution is neutralized by stirring with ~ 
sodium bicarbonate solution. Extraction of the aqueous 
solution should ~ be attempted since the added acid obtained 
in this manner would lead to further decomposition. Drying of 
the neutral ethereal solution should be effected by stirring 
with anhydrous sodium sulfate rather than letting it stand for 
any length of time. The whole preparation, including the 
removal of ether, should be done within one day. In this 
7. 
manner, yields up to 90~ can be obtained ( 2 ). 
The di-nitroso compound must be kept under very 
strict conditions in order to prevent decomposition upon 
standing. Even when a calcium chloride tube was attached, 
decomposition was observed by the separation or crystals upon 
cooling, indicating regeneration or the original carbamate. 
Complete purirication was round to be impossible. Distillation 
at reduced pressures was attempted, but no distillate could be 
obtained upon going as low as 0.05 mm. The substance could 
not be heated higher than 80°C. since ther.mal decomposition 
occurs above that temperature, as evidenced by gas bubbles 
rising in the liquid. 
a. 
b) 1) N,N 1-dicarbomethoxy- hexamethylenediamine 
c. Samour 's procedure ( 2. ) was used in the 
preparation of this compound and its nitroso derivative. 
0 
" H2N-(CH2 )6-NH2+ 2 Cl C-OCH3 ) 
0 H H 0 
If I I It 
CH3 -0C-N-(CH2 ) 6-N-C-OCH3 + 2 H Cl 
2 H Cl • 2 NaOH ----~) 2 NaCl + 2 HOH 
Hexamethylenediamine (161.5 g-1 •. 0 M) in a 72~ 
aqueous solution was placed in a one liter, three-necked flask 
equipped with a Liebig condenser, mechanical stirrer and 
dropping ~unnel. Sodium hydroxide pellets (82 g.) were added 
while stirring and water added until all of the base had gone 
into solution while cooling. Methyl chlorocarbonate (152.9 g.) 
was then dropped in while cooling. The heat effect was not 
very great except when the rate of addition was increased. A 
white solid separated when about 15 g. had been added, which 
kept increasing with further addition of chloroearbonate. 
After it had all been added, the white semi-solid mixture was 
stirred for the remainder of the day after which it was poured 
into a large beaker, and an alcohol-water mixture added. The 
contents were heated on the steam bath until all of the solid 
had dissolved, decolorizing carbon was added and after more 
heating and stirring, the solution was filtered through a 
heated Buchner funnel. White crystals formed on 
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standing at room temperature and the crop which developed on 
cooling was collected, washed with cold water, dried by suction 
and then in a vacuum desiccator overnight. A second crop 
which came down upon cooling of the first filtrate was treated 
similarly. The combined yield was 135.5 g. which corresponds 
to 57~ of theoretical. M.P.:l20-1°C. (Lit.:ll7.4-ll8o) 
( 1 ) 
This material was then used in preparing its 
di-nitroso derivative. 
10. 
c) N,N'-Dinitroso-N,N'-dicarbomethoxy hexamethylene-
diamine 
0 
'" CH3-oc-NH(CH2 )6-NHCOOCH3 + 2 HONO ) 
0 NO NO 0 
" ' f f1 CH3-0C-N-(GH2 )6-N-C-OCH3 + 2 HOH 
Eighty six and seven tenths grams (0.374 M) of the 
previously prepared dicarbamate were placed in a two liter 
three-necked flask and a solution of 374 g. of concentrated 
sulruric acid (S.G.:l.86) in 248 g. ot water was added. The 
carbamate did not go into solution even upon vigorous 
stirring. Addition or another 300 ml. water and 175 ml. 
sulfuric acid still did not bring the solid into solution. 
Despite this, a saturated solution ot 50.2 g. (0.87 M) 
sodium nitrite in water was dropped in while keeping the 
flask cold by means of a dry-ice-acetone bath. Thick solid 
kept collecting at the top or the solution which made homo-
geneity difficult. After about half of the sodium nitrite 
solution had been dropped in, the mixture became yellow. 
Stirring was then facilitated by addition of a glass stirrer 
in the third neck of the flask. Considerable nitric oxide 
fumes were observed throughout the addition of nitrite. 
After all or the solution had been added, stirring was con-
tinued for 15 hrs. longer. The yellow solution, containing 
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finely divided yellow solid, was then filtered by suction and 
washed several times with water. The solid was then dis-
solved in absolute ethyl alcohol, animal charcoal added, the 
solution heated for 5 minutes and filtered while hot. The 
filtrate was placed in the cold when it had reached room 
temperature and crystals had begun to form. The resulting 
flesh colored, well-formed, crystals were then filtered by 
suction and washed with cold absolute ~thyl alcohol, and 
dried in vacuo. Yield: 80 g. 73.8% of theoretical. M.P.: 
56-62°0. Recrystallized from absolute ethyl alcohol, M.P.: 
Three more crystalli-
zations did not improve the melting point. 
Analyses* : Cale 1d: 
* Dr. Carol K. Fitz 
41.37 
6.24 
19.31 
Found: 41.1 
6.3 
19.5 
41.1 
6.3 
19.5 
12. 
d) N,N'-dicarbohexoxy-1,6-hexamethylenediamine 
H H 
' ' C6H13oOCN-(CH2 )6-N-COOC6H13 + 2 NaC1 + 2 HOH 
This preparation was carried out in the same manner 
as the previous carbamates, using the method of Samour. 
Reagents used: 
hexamethylene diamine: 58.1 g. - Oe5 moles 
hexyl chlorocarbonate: 164.5 g. - 1.0 " 
sodium hydroxide: 41.0 g. - 1 + " 
Water had to be added to the stirred reaction mix-
ture periodically since the mixture tended to become very 
viscous. After addition of the carbonate was complete, stirr-
ing was continued for another hour, the white solid filtered 
by suction, dried and placed in a vacuum desiccator overnight. 
The seemingly dry material weighed 292 g. corresponding to a 
157% crude yield. It melted at 83-87°0., and was found to be 
recrystallizable from absolute ethyl alcohol. Recrystalli-
zation from this solvent of a portion of product showed that if 
the total amount were recrystallized, its weight would be re-
duced to 160 g., giving an 86 .• 5% yield with a melting point of 
96.5-99.5°0. Recrystallization from ligroin gave the identical 
melting point, and further recrystallization from either sol-
vent did not improve this. 
The excess weight in the crude product was found to 
be due (1) to water, which could be released either upon heat-
13. 
ing and thereby driving off the water, or placing the powdered 
product in a vacuum desiccator containing Phosphorus Pentoxide, 
(2) to a small amount of sodium chloride (determined by physi-
cal tests and characteristics) (about o.s~), and (3) to an 
additional liquid component which came off upon heating, but 
which could not be identified other than to determine that it 
was not hexyl alcohol (as determined by unsuccessful deriva-
tives) or unreacted hexyl chlorocarbonate. 
14. 
e) N,N'-Dinitroso-N,N'-diearbohexoxy-1,6-hexamethylene-
diamine 
Preparation I. 
The procedure used in this nitrosation was the 
same as that used for the two previous ones. 
H H 
NO NO 
t I 
c6H13oOCN-(CH2 ) 6-N-COOC6H13 ~ 2 HOH 
Reagents used: 
hexamethylenediamine-bis-
hexylearbam.ate: 
sodium nitrite: 
sulfuric acid (S.G. 1.86): 
74.4 g 
41.5 g 
200 ml 
0.2 moles 
0.6 n 
The reaction proceeded as it had in previous eases, 
with the formation of solid upon addition of sodium nitrite 
solution. When about half of the reagent had been added, the 
mixture became too viscous for efficient stirring and about 
10 ml. of ice water were dropped into the reaction flask. 
The solution, which had been at about 10°C., began frothing 
strongly and despite rapid cooling by means of a dry ice-
acetone bath, considerable foam escaped. .When the solution 
had been thoroughly cooled, the addition of water was con-
tinued until the mixture was stirrable again. When all of 
the sodium nitrite had been added, more water was dropped in 
and the mixture stirred for another half hour. An extremely 
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gummy yellow solid had coagulated and floated to the top. 
The liquid was now decanted and poured onto ice. A slight 
white precipitate resulted. The yellow solid was saturated 
with acid and was filtered with difficulty, drying being 
made impossible. Solubility tests showed ethyl acetate to 
be the best crystallizing solvent. Continuous cooling and 
filtering of the solution in which the original solid had 
been dissolved gave a large crop of white crystals which 
turned out to be the starting material. Since the remainder 
of the products seemed to be not much more than tar, it was 
decided to adopt another procedure in order to effect the 
nitrosation. 
16. 
Preparation II. 
0 H H 0 
" f ' " 
c6H13oc-N-(CH2 )6-N-C-OC6H13 + 2 c5H11oNO • 
0 NO NO 0 
" ' f " 
c6H13oc-N(CH2 )6-N-C-OC6H13 + 2 c5 H11oH 
Since amyl nitrite has been used in the for.mation of 
diazonium salts ( 3 ) and nitroso compounds ( 4 ) it was 
thought that this r .eagent could also be used in this in-
stance. 
Five grams (0.0134 M) of hexamethylenediamine-bis-
hexyl carbamate were dissolved in 60 ml. dioxane while 
stirring, and 60 ml. glacial acetic acid added. The 
carbamate was almost completely insoluble in the dioxane-acid 
mixture and upon addition of 3.5 g. (0.029 M) of amyl nitrite 
at 0°c. no reaction was observed. upon standing, periodic 
shaking and letting the solution come to room temperature, 
some of the solid was observed to go into solution and a pale 
yellow color developed. When the flask had been allowed to 
stand for about two hours, all the solid had dissolved and a 
bright yellow solution resulted. The liquid gave a negative 
test with KI-starch paper but the odor of nitrite was still 
noticeable . Since an excess of this reagent had been added, 
the flask was left standing, open to the air, in order to 
(a) complete the reaction and (b) to evaporate any excess 
17. 
nitrite. The solution was then cooled ·and ice water was 
added. After about 40 m1. had been added, the solution be-
came cloudy and a yellow oil collected on the top. Water was 
added until no more separation seemed to occur. The oil was 
then taken off. It was found to be soluble in ethyl alcohol 
and ether, insoluble in xylene but soluble ~· Crystal-
lization could not be effected. The aqueous solution was 
then extracted with ether which took all the yellow color 
from the water, leaving the remainder colorless. A little 
ether was then added to the previously separated oil and 
both solutions were dried with anhydrous potassium carbonate. 
In the ease of the ether extract, this caused considerable 
foaming apparently due to some acid which was still present. 
The dried solutions were now filtered through a sintered 
glass crucible and upon cooling of the ether, a white 
precipitate separated. Any attempt at filtering this solid 
was unsuccessful since it was soluble as soon as the ether 
warmed up somewhat. When the flask was inserted in an 
acetone-dry ice bath, copious crystals appeared. Some of 
these were filtered and a very approximate M.P. of . l03°c. was 
obtained, indicating the probability of this being starting 
material. This cooling and filtering process was repeated 
several times until no more crystals could be obtained. The 
ether filtrate was now evaporated by means of an aspirator 
and a dark yellow oil remained. This was taken to be the de-
sired product, though its identity was never positively 
18. 
established. 
This oil was kept in the dark with a calcium 
chloride tube attached but a large amount o~ crystals 
appeared overnight despite these precautions. The apparent 
.instability o~ this product there~ore would not lend itself 
to decomposition studies, since it decomposes too quickly 
and even without any heating. ' 
No analysis o£ this product was made, since it 
would be futile to expect consistent results. 
19. 
f) Preparation of N,N 1-dicarboamyloxz-1,6-hexamethylene-
diamine 
2 ClCOOC5H11 • H2N(CH2 )6NH2 ----~ 
c5H11oOCNH(CH2 )6NHCOOC5H11 ~ 2 HCl 
2 NaOH • 2 HCl ------~ 2 NaCl 
Hexamethylenediamine (9.64 g., 0.083 M) was placed 
in a 300 ml. three-necked flask equipped with a mechanical 
stirrer, and 6.7 g. of sodium hydroxide and 15 ml. of water 
were added while stirring and cooling in an ice-bath. After 
most of the alkali had dissolved, 25 g. (0.166 M) of n-amyl 
chlorocarbonate were added dropwise from a separatory funnel. 
A white solid began to separate almost at once and increased 
as more chlorocarbonate was added. When the addition was com-
plete, the solution was stirred for another half hour, filtered, 
washed several times with water and then dried by suction. 
Crude, slightly wet yield = 40.7 g. The solid was recrystal-
lized from absolute ethyl alcohol to give fine needles. 
Yield: 23.7 g. (82.8~ of theoretical). M.P.: 95°c. 
Galc 1d: %.c = 62. 8 
%~ • 10. 5 %N = 8 .1 
* Analyses by Dr. Carol K. Fitz 
Found:* %c • 62. 4 
~ = 10.9 
~' • 8.3 
20. 
Nitrosation (I) of N,N'-dicarboamyloxz-1,6-hexamethylene-
diamine 
NO NO 
' ' C5H11oOCN (CH2 )6-N-COOC5H11 + 2 HOH 
Seven grams (0.0203 M) of carbamate were dissolved 
in 20 ml. sulphuric acid (S.G.:l.86) while stirring and cool-
ing. The solid went into solution at first but came out upon 
cooling. A saturated solution of 3.5 g. {0.05 M) sodium 
nitrite in water was added slowly and the solution became 
slightly yellow, indicating some reaction to be occurring. 
When all of the nitrosating agent had been added, the 
solution was al lowed to come to room temperature, filtered, 
and the solid washed. The resulting yellow solution was 
extracted with ether and the resulting residue proved to be 
starting material as did the solid originally collected on 
the filter. The yellow color which washed off the solid 
would indicate some nitrosated product but none could be 
isolated. 
g) Nitrosation (II) of N,N'-dicarboamyloxy-1,6-hexa-
methylenediamine 
C5H1100CNH(CH2 )6NHCOOC5H11 + 2 i-C5H11oNO -------
NO NO 
' ' c5H11oocN-(CH2 )g-N-COOC5H11 • c5H11oH 
Ten grams of N,N'-dicarboamyloxy-1,6-hexamethylene-
diamine (6.029 M) were dissolved in 70 ml. of dioxane and 75 
ml. of glacial acetic acid added while stirring. Three and 
four-tenth grams (0.061 M) isoamyl nitrite were then added 
dropwise while stirring and cooling. Solution was at first 
effected at room temperature, but came out upon cooling. 
Despite this, the isoamyl nitrite was added, although no re-
action was exhibited during addition in the form of heat o~ 
discoloration. The flask was therefore allowed to come to 
room temperature, when the solution became yellow after a half 
hour, and the solid disappeared. Stirring was continued over-
night, after which cold water was added dropwise. The solu-
tion became turbid at first, a yellow precipitate appearing 
later. Water was added until no more solid seemed to come 
out of solution, after which it was filtered and the precipi-
tate dried by suction. The filtrate was again treated with 
water and more solid recovered. This was repeated until 
no more precipitate was obtained. The solid was washed 
on the filter and turned out to be starting material. This 
nitrosation therefore was no more successful than the last, 
22. 
although some reaction seemed to have taken place as evi-
denced by the discoloration of the liquid and solid obtained. 
However, no nitroso product was separated. 
23. 
2) DECOMPOSITION STUDIES 
Decomposition I 
The arrangement used for the first few decompo- ' 
sitions was as follows: A glass bulb of about 1 em. diameter 
was blown from a 6 em. long piece of pyrex tubing. 8 (mm~ · .4ta. ) 
The sample to be decomposed was placed in the bulb, a long 
U shaped glass tube attached, glass to glass, and connected 
by means of a short length of pressure tubing. . The glass tube 
led to a glass coil immersed in a large receiver which was 
cooled by means of a dry-ice-acetone bath. This receiver 
was covered by a rubber sheet which was attached tightly with 
wire, and through which another glass tube was led from the 
top of the receiver to a barium hydroxide trap in order to 
see the rush of gases and also the C02 evolved. 
1 5a. ""''Ple 
~ . -- l. . 0'-1 ~'t'h. 3 'R '\L\ beY ~ h~~ t 
"' 
Dry- Ice. BQ.t\. ).s 
5 b~y\u:M Hjd.Y"o~•cle 
5 
A 2.25 g. sample was decomposed by placing the 
glass bulb in an oil bath previously heated to 12ooc. After 
about one minute immersion, bubbles were seen to rise in the 
liquid after which it seemed to boil and then suddenly de-
compose with a rush of vapors as evidenced by a large number 
of bubbles in the barium hydroxide trap which also showed 
24. 
considerable amounts of barium carbonate. Prior to the de-
composition, a sort of distillation was observed in the tube 
just above the bulb. A clear liquid.was seen to rise just 
before the sudden rush of vapors and continued to move 
slowly through the tube into the cold trap after the decompo-
sition. The bath was then kept at 120°C. for 15 minutes, but 
no further evolution of gases was observed, and no more 
carbon dioxide collected. 
The sample had lost 0.76 g. (33.8~). A few drops 
of almost colorless liquid were collected in the cold trap 
but were left there in order to accumulate upon further de-
compositions. 
DECOMPOSITION II 
The same procedure was used as described in the 
previous decomposition and 2.10 g. were used, keeping the 
temperature of the oil bath between 120-125oc. 
Bubbles began rising almost as soon as the bulb 
was immersed and boiling began after about thirty seconds. 
This continued with increasing intensity for 1 minute after 
which the sudden decomposition took place. No more bubbles 
were observed upon heating the bulb for another 5 minutes. It 
seemed as though considerable liquid was carried over bodily 
by the force of the decomposition as shown by the weight loss 
of 1.85 g. (87.1%). 
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DECOMPOSITION III 
The apparatus was modified somewhat in order to pre-
vent any decomposition products from condensing in the tube 
leading to the cold trap and also to make sure only these 
products and not undeeomposed material can reach the trap. 
The glass tube leading from the decomposition bulb to the 
cold trap was therefore brought up vertically for about 20 
em. and then brought to the cold trap at an angle of 125° • 
. cold t Ya.f 
This decomposition was carried out at 150°0. in order to see 
how the rise in temperature might speed up the decomposition. 
Two and sixty-seven hundredth grams were placed in the bulb 
and in about 30 seconds bubbles began to appear and within 45 
seconds the liquid was boiling vigorously. After about 1 
minute the sample decomposed suddenly with a total loss of 
2.22 g. (83.2~). 
This run would indicate that higher temperatures 
might decrease the initiation period, but probably would not 
change the nature of the decomposition or its products. 
Subsequent runs were therefore carried out at 120°0. 
26. 
• 
DECOMPOSITION IV 
A small side arm was now put on the decomposition 
tube, about It em. above the actual bulb, in order to catch 
any o~ the previously observed distillate. This side ar.m waa 
attached by means o~ a rubber tubing, leaving about 1 em. 
-space within the tubing between the side ar.m and the decompo-
sition tube in order to be able to apply a pinch clamp just 
before the final decomposition and thereby prevent any dis-
tillate from being carried over. 
I 
C. ..... ~­
\.._ 
This decomposition was carried out at 120° and a 2 g. 
sample was used. Since the rubber tubing holding the side arm 
had not been wired on, the blast o~ the decomposition blew 
it o~~, nullifying the experiment. 
DECOMPOSITION V 
The same apparatus was used as described in the 
last trial except that the rubber tubing holding the side arm 
was now wired to prevent its disruption. Two and nine tenths 
grams of material were used and the oil bath was kept at 
120°C. The increased amount of material caused a delay in 
the actual decomposition which did not occur until 3.2 
minutes after insertion. Distillation was again observed and 
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a pinch clamp applied between the decomposition tube and the 
receiver just before the final decomposition. No distillate 
was observed to collect there. The decomposition took place 
with such force that the connection between the decomposition 
tube and the glass tubing leading to the cold trap waS't . dis-
rupted by the blast. 
DECOMPOSITION VI 
The conclusions drawn from the previous runs were as 
follows: (a) No distillate can be collected unless larger 
amounts of material are decomposed and (b) the diameter of 
the glass tubing leading to the cold trap would have to be 
increased in order to handle the large volume of gases 
e~olved without severing the connections. 
In order to incorporate the changes: .. suggested by the 
problems presented above, the apparatus was redesigned. 
Eight millimeter glass tubing was used to connect the de-
composition tube with the cold trap and this . was connected, 
glass to glass, by pressure tubing which was wired. 
A larger sample (3.63 g •. ) was used in the hope of 
collecting the colorless distillate formed prior to the de-
composition. A bath temperature of 120°C. was again used and 
the final decomposition was so forceful that it severed the 
rubber tubing connecting the decomposition tube with the glass 
tube leading to the cold trap. The wiring had held, but the 
gases had blown a hole in the rubber as well as breaking some 
4t -of the glass. A few drops of distillate were collected in the 
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receiver which had been closed off just before the final de-
composition and which had held fast throughout the decompo-
sition. This distillate was contaminated with starting 
material and therefore no accurate estimation of its nature 
could be made. 
DECOMPOSITION VII 
It was now decided to construct an all glass 
apparatus into which the di-nitroso compound could be 
dropped and which would provide a heated surface on which 
thermal decomposition would occur. 
A 125 ml. Erlenmeyer flask was used, onto which an 
8 mm. diameter glass tube was sealed about ! em~ from the 
bottom. A small glass bulb was sealed onto the first bend 
in the tube in order to collect any distillate condensing 
in the vertical part. A one-holed rubber stopper was placed 
tightly in the top of the flask through which the material 
to be decomposed was dropped via a dropping funnel. This 
c· 
apparatus was then set in an oil bath kept at 120-125°0. by 
means of a resistance wire enclosed in a glass tube. 
__ 1.. 0\1 'bo.\h. 
3 _l. A1c.o'ho) R~te."IVer 
3 J._To __ (olJ.=-.T"(a.f. 
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The di-nitroso compound was dropped in, 2-3 drops at 
a time after the bottom -of the decomposition flask had been 
allowed to reach the temperature of the bath. As soon as 
the drops came in contact with the hot surface, they began 
to decompose and as soon as this abated, more material was 
added. After about 10 drops had been added in this manner, 
the flask was left for three hours while keeping the tempera-
ture steady. After this time, the bulb for receiving the 
distillate was about half full. More drops of material gave 
rise to increased distillate and the decomposition was con-
tinued in this manner until the receiver was full . Heating 
was then discontinued and the apparatus dissembled. The re-
ceiver was cut off and the contents analysed: 
R.I. - 1.343 (Ethyl Alcohol, R.I.: 1.3410) 
(Micro) B.P.: ( 
" " 
eerie Nitrate test: Positive 
Iodoform test: Positive (Mixed M.P. with deriva-
Lucas teat: Negative 
tive prepared from 
ethyl alcohol) 
It was concluded that the colorless liquid 
collected in the receiver was Ethyl Alcohol. 
Two drops of a yellow liquid had collected in the 
cooling coil immersed in the cold trap. This was removed by 
means of carbon tetrachloride and the solution gave a ~is-
coloration of bromine, indicating the presence of previously 
reported unsaturated compounds. Since the amounts of liquid 
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collected were still extremely small, it was now decided to 
carry out the above operation on a still larger scale. 
DECOMPOSITION VIII 
Another apparatus was now constructed, identical 
with the one described previously except for the use of a 
250 ml. Erlenmeyer flask and a larger side receiver which 
was attached by means of pressure tubing to a small side arm 
at the first bend in the lead-off tube. 
A total of 10.4 g. (0.0327 moles) of di-nitroso 
carbamate were dropped in over a period or two days, keeping 
the bath constant at 120-125°C. Three to four drops were 
allowed to enter at a time, and slight suction was applied at 
the outlet of the cold trap whenever too much vapor accumu-
lated within the decomposition flask. The receiver attached 
to the outlet tube showed only clear colorless liquid except 
for a drop or brown liquid which had entered when too much 
material had been allowed to drop in at once. This resulted 
in the rinal distillate being slightly yellow. When the de-
composition rlask had been cooled, it was disconnected and 
all parts reweighed. 
Residue in flask: 
Ethyl Alcohol: 
Cold trap: 
4.8 g. 
1.07 g. 
0.22 g. 
46.1% of total 
10.3~ 
2.1% 
The liquid collected in the first receiver was dis-
tilled from a small distilling flask and most of it came over 
at 79-80°C. The colorless distillate still had a faint odor 
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of the other decomposition product. The usual tests again 
proved the presence of ethyl alcohol although its refractive 
index showed it to be still contaminated. 
The residue remaining from this distillation gave 
a positive test with Bromine in carbon tetrachloride with the 
emission of hydrogen bromide as did the material collected in 
the cold trap, and further investigation of the solid bromo-
derivative substantiated the presence of biallyl. This was 
achieved by comparing the bromoderivative prepared from 
biallyl with that obtained from the material collected in the 
cold trap. 
The dark brown decomposition residue was then 
placed in a small modified Claisen flask and heated by means 
of an oil bath. When no distillate came over at atmospheric 
pressure, a water aspirator was applied and a drop of clear 
liquid collected at 20 mm. The pressure was then reduced to 
1 mm. and a small amount of clear distillate collected at 
I 
The bath temperature was 1 then raised to 205°C. and 
a continuous, very slow distillation took place. A white 
powdery solid collected on the top of the flask but it was 
melted down when the hot vapors of the next fraction 
approached. The temperature was not steady, and a free flame 
was finally applied. A green distillate came over first 
which was followed by thick fumes which collected as a white 
powder on the inside of the receiver. Then a small amount of 
yellow distillate was collected which solidified upon cooling. 
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The temperature registered by the thermometer kept rising, 
the maximum being 184°C. A black residue remained. 
The distillate collected in the receiver, which 
was a mixture of liquid and solid, was filtered, and a pure 
white solid remained which seemed identical with that de-
posited on the sides of the flask during distillation. 
Melting point: 56-59°C. Soluble in ether, insoluble in 5% 
sodium hydroxide as well as 5% HCl or stronger acid. It did 
not discolor bromine in ether, but seemed to reduce potassium 
permanganate slightly. A crystal dissolved in hot water, but 
did not come out upon cooling. Gave negative Fehling's as 
well as eerie nitrate tests. Sodium fusion and subsequent 
elemental analysis showed no nit.rogen present. 
The further analysis and determination of these 
various products was discontinued since it was found ex-
pedient to use a solid di-nitroso carbamate which could be 
easily purified instead of the liquid employed so far, of 
whose purity one could never be certain • 
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DECOMPOSITION IX 
Freshly recrystallized N,N'-dinitroso-N,N'-dicarbo-
methoxy-1,6-hexamethylenediamine was used in an apparatus 
which was identical with that used in the last decomposition 
with only minor modifications to accommodate the addition o£ 
solid, rather than liquid, material. A two-holed stopper was 
placed in the neck o£ the flask with a 4 mm. glass tubing 
leading about hal£ way into the flask and a thermometer next 
to it, going to within 1 mm. o£ the bottom. A rubber tube 
was attached to the top o£ the glass tube and a glass con-
tainer filled with DDMH attached to the end. In that manner, 
material could be introduced by just tipping the container 
and shaking some o£ the powder into the flask. Two standard 
taper cold-traps in series, immersed in dry ice, were 
attached to the end o£ the decomposition flask. The next unit 
in the train was sulfuric acid bubbler to which two large 
ascarite absorption bulbs were attached in series. The oil 
bath was kept at 130-140°C. 
The decomposition was e££ected by the addition of 
small quantities of solid which dropped onto the surface 
heated to 120°C. where they would first melt, then bubble and 
£roth and finally decompose with a small pu££. Larger 
quantities could be handled if care was taken to shut of£ the 
air intake on the decomposition flask until slight suction had 
eliminated all the gaseous products from the flask. This 
procedure worked satisfactorily except for an accident which 
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occurred in the very beginning when the inlet to the decompo-
sition flask was opened too quickly after a larger amount of 
material had been decomposed and the resultant rush of air 
caused some of the sulfuric acid to go into the ascarite tube. 
The amount of acid was measured fairly accurately and the 
additional weight subtracted in the final evaluation of the 
amount of carbon dioxide collected. Except for this above 
mentioned misfortune, the decomposition proceeded normally 
and a total of 17.21 g. of DDMH we.-s· decomposed over a period 
of 34 hours. 
This was the first time that it was possible to 
observe the heat effect of the actual decomposition. The 
thermometer which registered about 120°C. during the run, 
rose no more than 5-6° when a portion of the material de-
composed. 
A total of 3.71 g. of liquid was . collected in the 
traps of which 2.5 g. were proven to be methanol by dis-
tillation and refractive index of distillate. The remainder 
analysed as almost pure biallyl in the same manner as earlier 
described. Since the sulfuric acid had become quite brown, 
it was concluded that considerable amounts of biallyl had 
gone past the traps and into the acid. 
Since the residue weighed 19 g. which was more than 
the amount of material decomposed, a close cheek of the de-
composition flask was made. A pinhole leak was discovered 
under the surface of the heating bath through which the 
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heating oil must have entered. This fact made any analyses 
of the residue worthless and this had to be deferred to 
another run. 
The amount of carbon dioxide collected, applying 
the correction for the acid which had been sucked over, 
amounted to almost 1 mole of carbon dioxide i.e. one half 
of the theoretical amount given off by the di-ester. This 
also had to be substantiated because of possible weight errors 
36. 
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DECOMPOSITION X · 
The following apparatus was used in this decompo-
sition in order to determine the amount of nitrogen evolved · 
~ 
1. 
2. 
3 
1 
in the decomposition of DDMH. 
SQ.l\'\ f \c. 
col. 
A lc.oho 1 ke·,ver 5 1),.~\V\d '(\J~C.. 
Co1~ TrA-fS ~ N\·h·ow.~"'te.'C' 
1 \<.0\-\ (5'0-j.) 
Carbon dioxide was allowed to run through the 
apparatus for a period of six hours in order to eliminate all 
air. After that time, only microbubbles could be seen in the 
nitrometer and the decomposition was begun. DDMH was dropped 
onto the bottom of the flask which was immersed in an oil 
bath · kept at 130-140°C. The solid behaved as before, first 
melting then producing yellow foaming and finally decomposing. 
The gases were swept from the decomposition flask after each 
I 
small decomposition, before additional material was added. 
The first run which was performed was unsuccessful 
since it was discovered that a leak existed in the apparatus. 
The following Table gives the results of subsequent runs, the 
amount of nitrogen having been corrected for the vapor 
pressure of 50~ potassium hydroxide and for conditions of 
standard temperature and pressure. The last column indicates 
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the per cent of the theoretical 2 moles of nitrogen theo-
retically being produced: 
Amt. 
decomposed 
(g) 
2~85 
1.60 
1.25 
.90 
.89 
7.49 
Moles 
0.0095 
0.0055 
o.oo43 
0.0031 
0.0030 
0.0254 
Ml. 
coll 1d 
(corr.) 
239.0 
162~6 
121.5 
95.2 
93.5 
711.8 
Theoret. 
2 Moles _1_ 
(ml.) 
418 57.2 
242 67.2 
187 66.5 
138 68.9 
132 .7.9.:!.§ 
1117 66.6% 
The same apparatus was now used for a carbon dioxide 
determination, by leading nitrogen into the system and attach-
ing an ascarite absorption tube in place of the nitrometer. 
After the system had been flushed thoroughly with nitrogen 
the decomposition was conducted as before. Although it was 
not realized at the time, the~paratus was definitely~ 
tight enough to withstand the small bursts of decomposition 
pressure and the results which were obtained were much too 
low. The carbon dioxide determinations, four of which were 
made, all proved to be below 50% of the theoretical two moles 
evolved and later measurements showed these results to be 
wrong. The following Table accounts for the total weight of 
material decomposed, the gas figures having been obtained from 
figures determined later. (Seep. 41, 44.) 
Products: Residue: 
Receivers ( 2): 
Ale. receiver: 
Nitrogen: 
C02: 
5.6 g. 
5.8 g. 
.5 g. 
2.80g. 
~g. 
18.6 g. Amt. decomp: 19.6 g. 
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The following solvents were then tried in order to 
dissolve the residue. Acetone, ethyl alcohol and benzene 
were found to dissolve the residue slightly when heated, as 
evidenced by the discoloration of the solvent. Glacial acetic 
acid was found to extract considerable portions on boiling. 
The following solvents were found to have no effect whatso-
ever: 
ether 
pet. ether 
carbon tat. 
ethyl acetate 
dioxane 
butanol 
xylene 
methanol 
ligroin 
hexane 
cyclohexane 
pyridine 
chloroform 
ethylacetoacetate 
cellosolve 
dimethylfor.mamide 
5% HCl 
20% NaOH 
A portion of the residue was refluxed in acetone 
and the resulting yellow solution filtered. A dark brown soft 
solid remained. The acetone solution was then evaporated by 
suction, thereby cooling it. Fine crystals appeared in the 
cold solution but could not be filtered. Complete evaporation 
gave an oily residue, which could not be made to crystallize. 
Another portion of the residue was then shaken with 
benzene to give a dark brown solution and the same type of 
residue upon filtering, as did the acetone extract. When the 
filtrate was cooled down overnight, crystals developed, most 
of which turned out to be benzene. A very small amount of 
white solid (A) remained on the filter after warming up, and 
gave a melting point of 63.6-66°0. {approximate). 
The residue from the acetone extraction was then re 
fluxed with benzene for two hours and the resulting solution 
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riltered. The dark brown filtrate, upon cooling and filtering 
gave more of the yellowish solid (A). This was taken up in 
boiling ethyl alcohol from which white crystals precipitated 
upon cooling. Although this solid seemed to precipitate 
nicely at first, it was very difficult to filter and resulted 
in a sticky solid on the filter. Three more crystallizations 
rrom ethyl alcohol improved the color and appearance of this 
solid until it was a pure white fluffy crystalline precipi-
tate. Upon drying over phosphorus pentoxide it gave a M.P. 
of 51-53°C. 
Inrra-red analysis gave the following absorptions: 
(Interpretations by Armstrong Cork Co. Research 
2924 and 1470 cm·1 • Due to CH, CH2 
1740 em-1. Ester1carbonyl. 
Laboratory.) 
1412 and 1370 om- • C-CH3. 
Broad band rrom 1270 to 1175 cm-1 
1108 cm-1 either c-o or saturated 
due to ester co-o 
carbon as in aliph. 
ethers. 
968 om-1 may be trans-olerin 
Doublet at 730 om-1 which may be long carbon chain or 
cis olerin or both. 
The solid residue obtained rrom the benzene mixture 
arter rerluxing, was then boiled with glacial acetic acid ror 
1t hours. Most or the solid went into solution which became 
dark brown. Filtration and subsequent addition of first water 
and then benzene, gave a dark brown benzene solution and a 
light brown oil which crystallized upon , cooling but could not 
be filtered because or its low melting point. Purirication or 
this oil by solution in alcohol and cooling, did not succeed. 
The benzene solution was cooled, then evaporated, and the 
brown residue treated with alcohol, but here also no purifi-
cation could be effected. 
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DECOMPOSITION XI 
Since leaks were observed at the outset of the last 
trial, and the results of the gas absorptions were not too 
consistent, a new apparatus was constructed in order to get 
as tight a system as possible. Ground glass joints · were in-
troduced in the decomposition flask in the hope that this 
would eliminate any leaks. 
\~---~ 
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The remainder of the set-up was the same, as was the pro-
cedure for the following decomposition which was made to 
determine carbon dioxide evolved. 
Amt. DDMH 
used: 14.0 g. Residue: 3.5 g. 25~ 
Liquids: 5.4 g. 81.3% of theor. 
C02 2.8 g. 65% of 2 moles 
70% of theoretical amt. of N2: 1.9 g. 
13.6 g. 
The main ball joint of the decomposition flask 
cracked at the very end of the decomposition, thereby causing 
some loss of vapors and possibly explaining the small dis-
crepancy between the amount of material decomposed and the 
total collected. 
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The residue of this decomposition was again tried 
with different solvents in order to effect some purification. 
Ethyl malonate, nitrobenzene, trichloroethylene, formamide, 
cyclohexanone, and phenetole were unsuccessful either cold 
or hot. B-Chloroethyl acetate was found to dissolve con-
siderable portions of the residue when refluxed. The re-
sulting dark-brown solution, after filtering, w~s treated 
with charcoal and filtered while hot. The intensity of the 
color did not decrease and the solid which came out of the 
solution by dilution was still the dark-brown tar which it 
had been originally. 
The remainder of the residue was then extracted 
with successive portions of benzene until no more color was 
taken up by the solvent. No precipitate resulted on cooling 
of the benzene solution and evaporation produced a dark-
brown tarry residue observed previously. This was taken up 
in absolute ethyl alcohol and on heating, all of the oil 
dissolved. This solution was left at -soc. overnight, where-
upon the tar came out and settled on the bottom of the beaker. 
Addition of water to the alcohol solution brought about 
turbidity and a seemingly white precipitate. This was left 
in the cold to settle, but any attempts at filtration through 
either sintered glass or Buchner funnel were not successful. 
When alcohol was added, a clear solution again resulted and 
subsequent addition of water only brought out the dark-brown 
oil. 
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Attempts to decolorize the alcohol solution 
by addition of animal charcoal and boiling were unsuccessful, 
resulting in no loss of color of either the solution or the 
tar obtained upon evaporation. Cooling of different stages 
in the evaporation process in the hope of finding a concen-
tration which would favor crystallization, also proved 
fruitless. When this acid solution had cooled, it was 
filtered and diluted, since it was a very dark brown. 
Addition of 20% sodium hydroxide gave considerable turbidity 
at an approximate pH 2.5. Further addition of base dissolved 
the precipitate. In order to determine the exact pH at which 
the precipitate comes out of solution, a titration was con-
ducted using a pH meter and 20% sodium hydroxide. The re-
sults were rather anomalous in that different speeds in ti-
tration gave different results. When base was added rather 
quickly, i.e. in large drops, the solution became cloudy at 
pH 1.1, a flocculent precipitate appeared at pH 2.0 and two 
more drops brought about a pH rise to 11.2 and the disappear-
ance of the precipitate. However, when the addition was slow, 
with small drops and more frequent pH checks, the precipitate 
appeared at the same pH but increased to form a brown gum at 
pH 4.1. Further addition of base dispersed this sediment 
somewhat but even when the whole solution was finally poured 
into 20% sodium hydroxide, the precipitate failed to dissolve. 
The above procedures were repeated several times with identi-
cal results. When the basic clear solution obtained in the 
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first titration was back-titrated with acid, a brown solid 
was recovered which resembled the original polymer. It, also, 
was found insoluble in all the solvents tried previously. 
DECOMPOSITION XII 
The decomposition flask was again changed by 
eliminating the ball joint which cracked during the last run 
and making an ali glass connection in its place. 
Three individual runs were measured, the first two of which 
went very well, the third was not as accurate, since some 
crystals were left in the top of the decomposition flask, 
thereby making the accurate measurement of the amount de-
composed impossible. 
Amt. Decomposed 
3.67 g. 
5.10 g. 
5.10 g. 
0.72 g. 
l.002g. 
0.98 
% of 2 Moles 
65.0 
64.8 
63.3 
From these runs it can be assumed that 65~ of the 
theoretical two moles of carbon dioxide are evolved during 
the decomposition, at all times. Previous runs gave lower 
figures but this can be explained by poorer apparatus with 
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greater chance of leaks. 
The residue was extracted with alcohol and the 
resulting brown solution evaporated in vacuo and the re-
sulting tarr.y liquid heated .• · . . No distillate was observed 
though a 2 mm. pressure was used and heating first with an 
oil bath and finally with a flame left the oil undisturbed. 
Another portion of the residue was refluxed with 
dilute sulphuric acid in order to effect a breakdown or the 
polymeric material. Some solution occurred and slight 
foaming was observed. 
DECOMPOSITION XIII 
The decomposition apparatus was now adapted for 
liquid decomposition in order to decompose further samples 
of N,N'-dinitroso-N,N 1-dicarbethoxyhexametliylenediamine. 
The flask was built as shown in order to provide a tight 
apparatus without leaks. 
-:n ... ~ '"5 '\v be. 
-=~---- 5 a.w. ~ '~ 
The oil bath was heated to 130°C. When the DDEH· 
was dropped onto the heated surface, bubbling was observed 
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but no sudden decomposition occurred. Further addition pro-
duced more yellow foaming, but this abated without any sign 
of decomposition after 5-8 minutes. Colorless droplets had 
collected on the inside of the tube leading to the cold trap, 
indicating the release of alcohol through decomposition. 
Three grams of DDEH were dropped in over a period of 2t hours, 
which was an extremely short period, made possible by the 
lack of violence in the decomposition. A gentle stream of 
nitrogen was kept running through the system overnight in 
order to carry all the decomposition gases through the 
apparatus. 
Two runs were made in this manner, the results of 
which are shown below: 
Amt. Decomposed 
3rd sample, 
3~01 g. 
2.81 
later 1.79 
.287 
.278 
.196 
% of 2 Moles 
34.5 
35.7 
These results are in fair agreement and should be 
enough to indicate a different course of decomposition from 
the previously tested carbomethoxy compound. 
The decomposition was now conducted in order to 
collect the nitrogen evolved. Essentially the same procedure 
was followed as before except for the carrier gas, which was 
co2 • The same observations were made during the course of the 
decomposition which again went much more rapidly than usually. 
The amoun~of nitrogen gas given below were first corrected 
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to standard temperature and pressure. 
~ of Theor. 
Amt. Decomposed Ml. 
.N2 2 Moles 
3.42 g. 303.7 63~1 
~49 45~8 66~4 
.sa 51.1 63.3 
~73 57.6 56.1 
1.52 117.7 ss.o 
Since the apparatus seemed to be as tight as during 
the last decompositions, there was no reason to suspect leaks. 
It can therefore be concluded that these figures can be taken 
to show a small variance in the amount of nitrogen as compared 
with the di-earbomethoxy compound. The lack of consistency 
within the figures reproduced above can be attributed to the 
difficulty of exactly measuring the amount of substance de-
composed, since some part of it will always tend to remain in 
\ 
the upper part of the flask. 
Although the upper limit of these percentages co-
incides with the average of the figures obtained for the di-
methyl ester, the assumption can be made that in general, 
nitrogen is produced in smaller amounts, although the decrease 
is certainly not as marked as in the case of carbon dioxide. 
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D. CONCLUSION 
A thorough investigation of N,N•-dinitroso-N,N'-
dicarbomethoxy-1,6-hexamethylenediamine (DDMH) has shown that 
its decomposition temperature is 120°0. or above and that 
when this compound is subjected to thermal shock at this 
temperature, complete decomposition occurs. The products 
resulting from such treatment are nitrogen, carbon dioxide, 
methyl alcohol, biallyl and unidentified polymeric material. 
A similar, but not as thorough, investigation or 
N,N 1-dinitroso-N,N 1-dicarbethoxy-1,6-hexamethylenediamine 
(DDEH) showed the same products to be evolved upon thermal 
decomposition with ethyl alcohol instead of methyl alcohol 
being found. Quantitatively, the decomposition studies 
showed the amount of carbon dioxide to be considerably less 
and nitrogen somewhat less than that obtained from the di-
methyl ester. 
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SECTION II 
REDUCTION OF N-NITROCARBAMATES 
A. INTRODUCTION 
A thorough search of the literature reveala that 
nitrocarbamates, though comparatively simple in structure, 
have been sorely neglected by chemists. Although their 
preparation has been known since 1884 when Thiele and 
Laohmann (14) published the first article on the nitration 
of urethanes, very little work has been done since then. 
Howard M. Curry (4) undertook the task of preparing a large 
number of homologues and determining the effects and 
mechanism of acid and base hydrolysis, oxidation as well as 
ultraviolet absorption data• 
The present investigation was undertaken in order to 
determine the best method for reducing the N-nitro group 
present in the nitro carbamates. Thiele and Lacbmann 
effected the reduction of the ammonium salt of ethyl-N-nitro 
carbamate by means of Zinc and acetic acid, obtaining the 
amino urethane in very small yield. Backer (1) reduced 
N-nitro carbamate esters using electrolytic methods, and 
obtained yields up to 87%. Since these were the only refer-
ences found to N-nitro carbamate reductions, it was decided 
to use methods employed for reducing aliphatic N-nitro groups 
in general. Nitroamines have been reduced successfully to 
the corresponding hydrazines by a number of workers, but 
usually in poor yield (6,8). It was expected that N-nitro 
carbamates would also be reduced when these methods were 
4t employed. 
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B. PLANNED OurLINE OF PROCEDURE 
Since this section was originally planned for the 
purpose of a complete Master's thesis, the outline which was 
made was an ambitious one. The work represented by this 
part of the paper was performed with the thought in mind 
that time was not of the essence and that any questionable 
results which were found in the course of experimentation 
could be checked later, procedures repeated and improved 
and loose ends tied up. Since the problem had to be discon-
tinued abruptly by the author in favor of another, there are 
still several questionable points which would need clearing 
up if this were not just a report on experimental work done 
and a discussion of several interesting results which were 
obtained. 
The planned outline of procedure was as follows: 
One species of N-nitro-N-alkyl carbamates was to be taken 
for the purpose of st~dying some reduction methods. These 
were to include the use of zinc and acetic acid, catalytic 
hydrogenation by means of Adams' catalyst and Raney nickel 
at low pressures, lithium aluminum hydride, sodium boro-
hydride, sodium hydrosulfide and stannous chloride in acetic 
acid-saturated with hydrogen chloride. When the best of these 
methods had been perfected, they were to have been performed 
on all known N-nitro-N-alkyl carbamate esters, and then 
applied to the reduction of N-nitroso-N-alkyl carbamates • 
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C. DISCUSSION 
0~ the three reducing media used by the author ~or the 
reduction o~ N-nitrocarbamates, none can be said to serve that 
purpose e~fectively. Zinc and acetic acid seemed too strong 
a reducing agent as evidenced by the large yield o~ the de-
aminated product, the original carbamate, but some satis~ao­
tory reduction must have taken place as can be seen by the 
11% yield o~ methyl hydrazine obtained by hydrolysis o~ the 
reaction product. The process assumed to occur here is either 
N~ 0 C2Hs ~ H 
" ' 3H2 ' H2 , I CH3 N- c- o CH3-N-COO£t 
-
CH3N-COOtt t- NH3 
or: N02 0 H2 H 0 f 
" 
f 
" 
3112 
CH3- N- c-oE:t CH3-N-C-OC2H5 + HN02 NH3 i" 2H20 
The ~irst equation is the more probable one, since the con-
version o~ HN02 to NH3 usually requires considerably stronger 
conditions. 
The reduction by lithium aluminum hydride was not 
studied su~~iciently to make unquali~ied deductions, but it 
would seem that this medium is too vigorous ~or ef~eotive 
hydrogenation o~ the N-nitro group without breaking the N-N 
bond. Either lithium borohydride or sodium borohydride might 
prove to be satis~aotory because o~ their weaker reducing 
power. 
The results o~ the hydrogenation by means o~ Platinum 
oxide (Adams') catalyst are most di~~ieult to evaluate. It 
seemed at ~irst as though the heat o~ the reaction, which was 
not controlled in the ~irst oases, caused the hydrogenolysis 
o~ the amino carbamate. This would ~ollow the reaction pie-
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tured above. The ammoniacal odor which was detected would 
·corroborate this assumption. When cooling was effected, the 
reaction seemed to take a different course. A solid material 
was obtained, stable in nature, as shown by almost identical 
analyses after standing exposed to light for six months in a 
glass screw-cap bottle. It had a sharp melting point of 
125-6°c. and a boiling point of 175°0. (Siwoloboff) could be 
taken without decomposition. It was at first assumed that 
this white, crystalline product was ethyl-N-amino-N-methyl 
carbamate, but the analyses did not correspond closely 
enough to satisfy this structure. Since three analyses 
checked each other perfectly, an empirical structure of 
c2 H4 N 0 was assumed to be correct. From this the only X X X X 
reasonable formula was that of 1,4-dimethyl-1,4-dicarbethoxy 
tetrazene. 
-
-
0 
n 
CH3-N-C-OC~5 
' N 
n 
N 0 
• tt 
This compound might result from the reaction of the 
hydrogenation intermediate, the N-nitroso carbamate with an 
already hydrogenated amine group in the formation of an N-azo 
type grouping. Although all the known four membered straight 
nitrogen chains are reported to be unstable ( 5 ), losing a 
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mole of nitrogen upon heating, the proposed structure above 
would be stabilized by resonance with formation of conjugated 
double bonds. 
,p 
R-N-C-OR 1 
I 
N 
" N 0 
' " ' R-N-C-OR 
0 
' ' R-N=C-OR 
' lf 
N 0 
' ' ' R-N=C-OR 
Therefore, if this structure is the correct one, then the 
appearance of ethyl N-alkyl carbamate as a result of hydro-
genation could be explained by the formation of the tetrazene 
first and subsequent addition of hydrogen to form the tetrazane 
This compound would then lose a mole of nitrogen and form 
.. 
the carbamate. Analogous to this mechanism is the reaction 
observed by Paal and Yao (12) which occurs when tetraphenyl 
tetrazene is hydrogenated with either Zinc and acid or 
catalytically with palladium. In that case, the double bond 
in the nitrogen chain is first hydrogenated to give the 
tetrazane which in turn decomposes to give diphenylamine and 
nitrogen. 
R-N-R' 
' N 
" N 
' R-N-R' 
H2 
R-N-R' 
' N-H 
' N-H 
' R-N-R' 
R-N-R 1 
' H 
+ N2 H 
' R-N-R' 
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The effects of solvents on the compound in question also 
might substantiate its proposed structure. It shows neither 
basic or acidic properties, gives no derivatives for 
functional groups, and although insoluble in water, it is 
found to be soluble in organic solvents such as ether, acetone 
and ligroin thereby showing both polar and neutral properties 
which might verify the proposition of considerable ionic 
contribution to the formation of a resonance hybrid. 
Treatment of the solid with concentrated acid was 
shown to decompose it with evolution of nitrogen. If the 
volume of nitrogen evolved were measured and the methylamine 
which should form upon decomposition, hydrolysis and 
splitting off of C02, were recovered, it should definitely 
establish that the tetrazene linkage is the correct one. 
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D. EXPERIMENTAL PART 
1) Preparation of Ethyl N-methyl Carbamate (4) 
CH3NH2 t ClCOOC2H5 + NaOH 
H 0 
f II 
CH3-N-C-OC2H5 + NaCl + HOH 
Fourteen hundred and thirty grams or 25~ methyl• 
amine solution (11.58 moles) and 450 g. of sodium hydroxide 
(11.25 moles) in 850 ml. water were placed in a five-liter, 
three-necked flask ·equipped with a mechanical stirrer, ther-
mometer and dropping :funnel. The solution was cooled by . 
means or a dry-ice-acetone bath to a temperature of 15°0. 
while stirring. Twelve hundred and twenty grams (11.25 moles) 
or ethyl chlorocarbonate were then dropped into the stirred 
solution at such a rate as to keep the reaction mixture below 
20°0. at all times. After the addition was complete (ten 
hours) the flask was allowed to rise to room temperature 
while stirring. The colorless oil which had separated was 
then removed by means of a separatory flask and the aqueous 
solution extracted with several portions or benzene. After 
the combined oil and extract had been dried over calcium 
chloride, the benzene was removed by distillation and the 
carbamate distilled under slightly reduced pressure. The 
boiling point- at atmospheric pressure is reported to be 170oc. 
but decomposition was noticed when the product was heated over 
150°0. The distillation was therefore carried out as re-
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ported above. Yield: 953 g. (82.2%) 
B.P.: 105 @ 82 mm. n~0 : 1.005 ; n~0 : 1.41~. 
Lit: n~8.5 = 1.oo9; N~8 • 5 • 1.420 (14) 
la) Preparation of Ethyl N-methyl-N-nitro Carbamate 
(by method of H. M. Curry) (4) 
H ,p ( CH3 COO) 2 CH -N-C-OC H + HON02 ------3 2 5 
CH3-N(N02)COOC2H5 + HOH 
Two hundred and ninety six grams (4.37 moles) of 
i'uming nitric acid (91.3%) were cooled to 5°C. in a three-
necked flask. Four hundred and thirty two grams (4.27 moles) 
of acetic anhydride were then dropped in, while keeping the 
stirred liquid below 10°C. When this addition was complete, 
300 g. (2.92 moles) of ethyl N-methyl carbamate were added 
dropwise while stirring and controlling the temperature by 
means of a dry-ice-acetone bath so that the solution was kept 
between 20-30°C. at all times. After the addition was 
complete, the mixture was stirred for another ten minutes 
after which it was quenched by pouring it into . three times 
its volume of ice water. The yellow oil which had settled 
to the bottom was then separated, taken up in a small amount 
of ether and washed with 10% sodium bicarbonate solution until 
the washings were neutral to litmus. The aqueous layer from 
the reaction mixture was then extracted with several portions 
of ether and any residual acid removed in the same manner. 
The ethereal solutions were then combined and dried over 
anhydrous potassium carbonate. 
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Three simultaneous nitrations were conducted by 
the above procedure, each using 300 g. of carbamate. The 
dried ether extracts were then combined and after removal 
of the ether by means of an aspirator, the ethyl-N-methyl-N-
nitro carbamate was distilled in vacuo. Yield: 770 g. (60?t) 
B.P.: 58°C. @ 2 nnn. 
Found: n23 1 .. 225 . n23 • 1.448 4 ' D • 
Lit: n23 • 1.229 • n23 = 1.4483 (15) 4 ' D 
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2) Reduction I (Zinc and acetic acid) 
This method or reducing nitro groups was adapted 
from that given in Organic Syntheses. (11) 
Thirty grams (0.2 mole) or ethyl N-methyl-N-nitro 
carbamate were placed in a three necked flask together with 
48.7 g. (0.75 mole) or zinc powder and 500 ml. of water. 
The mixture was cooled while stirring by means or a mechani-
cal stirrer and 63 g. (1.05 mole) or 85% acetic acid were 
dropped into the solution at a rate so as to keep the 
temperature between 20-30°C. When this addition was complete 
(2 hours) the temperature was raised to 55°0. · Slight roaming 
was observed and a skin-irritating gas given orr. The mix-
ture was cooled at once and filtered by suction while cold. 
The resulting clear riltrate was made alkaline with 40% 
sodium hydroxide until the zinc hydroxide which had rormed 
at first, redissolved. The oil which now appeared on top 
of the solution was extracted with two portions of ether and 
dried over anhydrous calcium oxide. After the removal of the 
ether, the resulting oil was distilled in vacuo to give a 
colorless oil. B.P.: 49°C. @ 3 mm. ng4 1.416. The 
physical properties would indicate that the product was ethyl 
N-methyl carbamate and the rollowing analysis would ascertain 
this: 
% Nitrogen: 
* An 
Calc. 
13.6 
Found * 
13.4 
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Reduction Ia 
The same quantities as in the previous reduction 
were used but experimental conditions were changed as follows: 
The nitrocarbamate, water and acetic acid were 
placed in a three-necked flask and the solution cooled to 
0-5°C. Zinc powder was then dropped in at a rate so as to 
keep the temperature below 10°C. Considerable foaming was 
observed, but no noxious gases were given off. The mixture 
was stirred for an additional 15 minutes after the addition 
was complete and the resulting mixture filtered by suction. 
The clear filtrate was made basic with potassium hydroxide 
solution until all of the zinc hydroxide which had formed 
redissolved. After extracting this solution with several 
portions of ether, the extracts were dried and the ether 
removed. The brown oil which remained was fractionated under 
reduced pressure. Wt.: 10.5 g. B.P.: 78-80°0. @ 24 mm. 
nB0 : 1.413. The product was concluded to be ethyl N-methyl 
carbamate and the yield was 48%. 
The basic aqueous solution was then distilled until 
the distillate did not reduce Fehling's solution. The re-
sulting distillate was kept acid by means of hydrochloric 
acid and was evaporated first with a flame and finally on a 
hot plate until a yellow residual oil remained. ~ This was then 
treated with 10 ml. of concentrated sulfuric acid, cooled and 
absolute ethyl alcohol added. Upon cooling, a white precipi-
tate resulted. Its melting point and mixed melting point 
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4t indicated this to be methyl hydrazine sulfate (140-1°C.). 
Wt.: 3.3 g. which indicates an 11% yield of methyl hydrazine 
from the original nitro carbamate. 
so. 
Reduction Ib 
Reduction of methyl nitramine with Zinc and 
acetic acid. 
1) Hydrolysis of ethyl-N-methy1-N-nitro 
carbamate 
The procedure used was one modified from 
that used by Curry ( 4 ) in the hydrolysis of nitrocarbamates. 
CH3-N(N02 }COOC2ffs + H2o NaoH ) 
Ethyl N-methyl-N-nitro carbamate (148 g.; 
1 mole) was dropped into a refluxing solution of 160 g. (4 
mole) of sodium hydroxide in 500 ml. water. Two reflux con-
densers were connected together in order to prevent any eva-
poration of nitrocarbamate. After all the starting material 
had been added and gone into solution, the mixture was re-
fluxed for two more hours. This solution was then cooled 
and acidifi'ed by means of concentrated hydrochloric acid 
past the methyl orange endpoint and then extracted three 
times with 75 ml. portions of ether. The ether solution was 
dried and then evaporated by means of an aspirator. When the 
volatile solvents had been removed in this manner, a light 
brown layer of liquid remained in which crystals· had begun to 
form. · Upon cooling, most of the liquid solidified and the 
resultant crystals were filtered to give 16 g. of methyl 
nitramine. (M.P.: 34-5°C.) Recrystallization from ether 
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was not found very effective but no other crystallizing 
solvent was found. Recrystallized M.P.: 37-8°C. (Lit: 38°) (13) 
The aqueous layer from the original reaction 
mixture was extracted for 4 days by means of a continuous 
liquid-liquid extractor. Evaporation of the resultant ether 
extract brought the total yield of nitramine to 54.2 g. 
(71.5%). 
(b) Reduction of methyl nitramine 
A solution of 15.2 g. (0.2 mole) of methyl 
nitramine, 300 ml. water and 63 ml. glacial acetic acid was 
stirred while cooling in a three-necked flask equipped with 
a thermometer, mechanical stirrer and powder funnel and 48.7 g 
(0.74 g. at.) of 100~ Zinc dust were then added very slowly, 
keeping the . temperature of the reaction mixture between 0-looc. 
at all times. A vigorous reaction took place as evidenced by 
considerable foaming, and cooling by means of a dry ice-
acetone bath was found necessary in order to make the reaction 
subside. It was noted that no more reaction occurred after 
about 25 g. of zinc had been added. After all of the zinc 
dust was in solution, the mixture was stirred for another 
half hour and then filtered while cold. The clear filtrate 
was treated with an equal amount of concentrated hydrochloric 
acid and then evaporated to one half its volume. This 
solution was then treated with 50~ sodium hydroxide until all 
of the first formed zinc hydroxide redissolved. The resultant 
basic solution was now steam distilled until the distillate, 
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which was basic, did not reduce Fehling's solution any more. 
A total or 1500 ml. or distillate were collected which were 
acidiried with concentrated sulruric acid and concentrated 
to about 15 ml. When this residue was cooled and cold 
absolute alcohol added, a white precipitate appeared. 
Filtering of the cooled solution gave 1 gram o~ product. 
No ~ther crystals precipitated. Product was identiried 
as methylhydrazine sulrate. M.P. 138-40. (Lit.: 142°c.) (15) 
63. 
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3) Reduction II (Catalytic Hydrogenation) 
A conventional Parr bomb shaker hydrogenation 
set-up was used for the first hydrogenation experiment. 
One tenth mole (12.1 ml.) of ethyl N-methyl-N-
nitro carbamate was dissolved in 150 ml. 95~ ethyl alcohol 
and 0.2 g. Adams 1 catalyst added. Hydrogen was admitted at 
46 psi and allowed to react, with shaking, until the pressure 
had dropped 16 lbs. when the reaction solution became too hot 
to continue. Hydrogen was then stopped, the bottle cooled, 
stoppered and left overnight. When the hydrogenation was 
continued, only a 2 lb. drop was observed, making a total ot 
18 lb. pressure decrease. The alcoholic solution was 
filtered through a Gooch crucible and the alcohol removed by 
means of an aspirator and occasional gentle warming. Benzene 
was then added in order to remove any residual water. When 
all of the benzene and water had been removed, a colorless 
liquid came over at 90° @ 21 mm. This was assumed to be the 
desired N-amino carbamate, especially since heating of a few 
drops of product with Fehling 1s solution on the steam bath 
produced the characteristic red copper oxide precipitate. 
(Ethyl-N-methyl carbamate produces the same effect after 
heating for 1 hour.) 
The following tests were performed in order to 
produce a solid derivative of the product obtained: 
1. Dry hydrogen chloride was passed through a 
dry ether solution of the product but although the solution 
64. 
became cloudy, no precipitate settled or could be separated 
after centrifuging. 
2. Since Backer ( 1 ) reported the solid 
hydrazone of methyl-N-methyl-N-amine carbamate with benzalde-
hyde) this derivative was attempted, but was not successrul. 
3. No solid material resulted from treatment 
with benzoylchloride or benzene sulfonyl chloride. 
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Reduction II-a 
The same quantities as in the first experiment were 
used, but this time it was desired to complete the hydro-
genation without long interruptions. A pressure decrease 
from 46 psi to 33.7 psi occurred within the first fifteen 
minutes of hydrogen admission, at which time the metal jacket 
surrounding the flask showed a temperature or 56°c. The re-
action was therefore stopped in order to cool the reaction 
vessel. Pressure was built up to 46.5 psi again and the 
following absorption observed: 
First absorption: Press. Decrease ~ 
12.3 lbs. 15 min. 
after cooling 7.5 II 15 " 
0~5 " 15 " o.o " ~ " 
total decrease: 20.3 lbs. 75 min. 
This decrease would correspond to 1! equivalents of 
hydrogen according to a previous calibration of the hydro-
genator with benzaldehyde. 
The alcoholic solution was treated in the same 
manner as before, adding 35 ml. of benzene in order to pro-
vide a ternary mixture of benzene, ethyl alcohol and any 
water which might be present. After distillation of all 
solvents, a colorless liquid was obtained under reduced 
pressure. B.P. 81-91°C. @ 20-21 mm. Yield • 7.5 g. This 
material responded in the same manner as the previous hydro-
genation product and no satisfactory conclusion as to its 
structure could be obtained. Since its boiling point at 
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atmospheric pressure was found to be grt~ater than 180°C. it 
was definitely not ethyl N-methyl carbamate. whose boiling 
point is 170°C. 
Hydrolysis of the sample was then decided upon 
in order to obtain either methyl amine or methyl hydrazine, 
depending on the completeness of the hydrogenolysis. 
Three and eight tenths grams ot the product were 
added to 50 ml. of 10% sodium hydroxide and refluxed for 
three hours in a small round-bottom flask to which a reflux 
condenser was attached. The top of this was connected to 
an adapter which led to a receiver immersed in a drY-ice-
acetone bath in order to catch any volatile amine resulting 
from the hydrolysis. Despite the cooling precautions, an 
amine odor was detected at the outlet of the receiver and 
the vapors turned red litmus blue. After the- refluxing, the 
receiver was disconnected and, while still in. the cooling bath 
concentrated hydrochloric acid, was added. A vigorous reaction 
was observed, and after addition of alcohol, a white pre-
cipitate, identified as methyl amine-hydrochloride, (M.P. 
1 ° L P 1 2° ) ( ) 1 14 .5 c. it. M. • 4 c. 9 was co lected. 
The basic solution resulting from the hydrolysis 
was acidified by means of concentrated sulfuric acid while 
cooling. This, just acidic, solution was then evaporated on 
the hot plate, and the resulting white solid collected. It 
was boiled for ten minutes with 50 ml. ethyl alcohol, and 
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after £iltering, the resulting £iltrate cooled. The remain-
ing solid was £ound to be sodium sul£ate. White needle 
crystals precipitated £rom the cold alcohol solution and 
were £iltered by suction. When additional suction was applied 
in order to dry the crystals, they disappeared and could not 
be recovered £rom the inside of the £unnel by washing with 
alcohol. A£ter evaporation of the alcoholic filtrate to 
hal£ its volume, it was re-chilled and a small amount o£ 
crystals collected. These were dried in a vacuum desiccator, 
but most of them disappeared and only a small amount of 
sodium sulfate remained. 
It was · there£ore concluded that if the hydro-
genation had proceeded as desired with £ormation o£ the 
amino carbamate, it did so only to a very small extent com-
pared with the hydrogenolysis which occurred. 
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Reduction II-b 
A microhydrogenator was used in this case in order 
to determine accurately the amount of hydrogen taken up and 
also to provide the necessary cooling conditions. 
Ethyl-N-methyl-N-nitro carbamate (0.77 g.; 0.0517 
mole) was used in a solution of 50 ml. ethyl alcohol and 
0.15 g. Adams' catalyst. 
The hydrogenation proceeded as follows: 
ml. absorbed 
40 
80 
107.5 
142.5 
175.5 
232.5 
279.5 
320.5 
344.5 
362.5 
362.5 
~ (min.) 
7.0 
13.5 
16.0 
20.5 
24.5 
29.5 
34.0 
41.0 
73.0 
92.0 
114.0 
The absorption of hydrogen followed a straight line 
until 320 ml. had been taken up over a period of 41 minutes, 
after which it leveled off, showing further absorption of only 
42 ml. in 51 minutes. Correction for pressure and temperature 
of the amount of hydrogen absorbed shows it to be quite close 
to the theoretical 348 ml. calculated to be necessary for the 
reduction of the nitro group by three equivalents of hydrogen. 
A cold water bath was used to cool the reaction mix-
ture which became warm after about 140 ml. of hydrogen had 
been absorbed. When the solution warmed up, it acquired a 
slight greenish color, which disappeared upon cooling. No 
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product could be isolated upon treatment of the resulting 
solution in the manner described before • 
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Reduction II-c 
The following hydrogenation was carried out with 
essentially the same amounts of materials and the same 
apparatus with one major modification. Instead of employing 
the shaker mechanism of the Parr-bomb arrangement, the 
hydrogenation flask was removed from the shaker stand, a 
small bar magnet inserted, the flask placed in a large pyrex 
beaker, which in turn was placed onto a magnetic stirrer. 
In this manner the reaction temperature could be controlled 
satisfactorily while keeping it agitated, by means of ice 
water or any other cooling liquid in the beaker surrounding 
the reaction vessel. 
Fourteen and eight-tenths g. (0.1 mole) of ethyl 
N-nitro-N-methyl carbamate were placed in the reaction flask 
with 150 ml. ethyl alcohol and 1.8 g. Adams' catalyst. Ice 
water was placed in the beaker and the outside of the vessel 
kept at 5-10°C. throughout the hydrogenation, which proceeded 
as follows: 
Time (min.) Pressure ( lbs.) 
8 1.0 
15 3.0 
23 5.0 
33 7.6 
39 8.7 
45 11.4 
60 13.1 
71 15.1 
85 16.0 
101 16.0 
131 16.9 
176 17.7 
356 18.7 
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The last reading is a result of letting the 
temperature of the reaction flask rise to room temperature 
over a period of 2! hours in order to determine if this 
would change the course of the hydrogenation speed. It is 
evident that this made no difference. 
The resultant solution which had been allowed to 
stand overnight and had developed a yellow color, was 
filtered by suction through a Gooch crucible. As soon as 
the filtrate entered the suction flask, white crystals 
appeared, probably due to the cooling effect of the evaporat-
ing solvent. The more solution was put into the filtering 
apparatus, the more crystals developed, some even in the 
crucible itself. The solution was therefore transferred to 
a sintered glass crucible, through which the remainder was 
filtered quickly and without loss. The crystals which kept 
increasing with the evaporation of alcohol, were filtered and 
dried by suction. Further evaporation and filtration for the 
remainder of the day, subsequent cooling and filtering, pro-
duced a crop of white fine crystals. Melting points taken of 
various crops gave identical melting points of 125-126°c. Re-
crystallization from absolute ethyl alcohol failed to change 
the melting point. 
Solubilities of this product were found as follows: 
Soluble: Acetone Insoluble: 
Benzene 
Ether 
Ligroin (sl.) 
~ alcohol 
H2so4 (emission of co2 ) 
Water 
5~ HCl 
5~ NaOH 
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The compound was tested with Fehling's solution, 
but did not dissolve and did not give positive test upon 
heating on the steam bath. A negative test was also obtained 
with ammoniacal silver nitrate, the crystals being insoluble. 
Elemental analysis showed the presence o£ nitrogen. Quanti-
tative analysis gave the following figures: 
Recrystallized 
% c 41.7 41.0 41.1 
%H 7.0 7.0 7.1 
% N 23.6 24.0 24.1 
Calculated £or CH3N(NH2 )cooc2H5 fa c 40.7 %H 8 .• 5 
%N 23.7 
Calculated for CH3N-COOC2H5 % c 41.3 
I %H 6.9 
N % N 24.1 
" 
N 
CH3N-COOC2H5 
Further evaporation o£ the alcohol from the 
hydrogenation solution produced about 50 ml. of brown liquid 
which was distilled on a steam bath to give a clear distillate 
which reduced Fehling's solution, as the original alcohol 
solution had done, and had the same odor as that of the 
liquid obtained in reduction II-b. The residual brown liquid 
was then heated with a flame and more clear distillate came 
over at about 80°C. which was added to the previous product. 
The r esidue was then heated further in order to be sure o£ 
the removal of all the alcoho l , then cooled and the crystals 
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which formed collected. They were not pure white, only 
partially soluble in cold alcohol, and melting showed about 
one-half to melt at 125-126°0. as the previous solid had done, 
and the remainder to remain solid even on heating to 170°0. 
More crystals formed upon re-chilling of the filtrate, these 
being added to the previous crop. The resulting filtrate 
was then distilled from a semi-micro "test-tube" still which 
gave a yellow distillate, coming over at a copper-jacket 
temperature of 140-170°0. Even though several fractions were 
taken, they were combined since they all had the same re-
fractive index, (nE7- 1.460). A drop of dark brown oil re-
mained behind. 
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Reduction II-d 
In order to obtain greater amounts of the solid 
product which resulted from the previous hydrogenation, 
another run was made, this time doubling the quantities of 
starting material and catalyst. Ethyl N-nitro-N-methyl 
carbamate (0.2 mole) and 0.36 g. Adams• catalyst were placed 
in the reaction flask with 250 ml. ethyl alcohol. Conditions 
were identical with the ones used previously; i.e. magnetic 
stirrer and cooling bath kept at about 10°C. throughout the 
reaction. 
The following Table shows the progress~on of the 
hydrogenation: 
·Pressure 
!!!!!!. (min.) Decrease (lbs.) 
7 o.2 
10 0.6 
19 1.0 
31 1.4 
41 2.1 
53 2.7 
67 3.6 
86 4.6 
103 5.7 
121 6.4 
177 8.1 
196 8.3 
214 a.a 
253 9.2 
265 10.2 
275 10.7 
297 11.1 
321 11.6 
358 12.2 
390 12.7 
433 13.3 
455 13.8 
481 13.8 
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When no more hydrogen was absorbed, the outlet was 
connected to two gas-wash bottles containing 5% boric acid in 
order to absorb any ammonia formed in the course of the hydro-
genolysis of emino carbamate. The gas was at first allowed to 
escape under its own pressure, then with stirring and finally 
suction was applied. A wet piece of red litmus paper failed 
to turn blue when placed at the end of the absorption tube, 
therefore, it was assumed that no ammonia escaped in that 
manner. Aliquot portions taken from the boric acid solutions 
were then taken in order to titrate by means of standard 
hydrochloric acid. However, when methyl red indicator was 
added, the solutions turned red, showing them to be acidic and 
therefore proving no ammonia to have been evolved during the 
reaction. 
The alcoholic hydrogenation solution was then 
filtered through a sintered glass crucible to remove the 
catalyst. A strong odor of starting material was noted, in-
dicating incomplete reaction. Evaporation of the alcohol 
failed to produce the desired crystalline material, and when 
all of the alcohol had been removed and the remaining liquid 
chilled no crystals could be recovered. Cold alcohol was 
added, in the hope of precipitating the alcohol insoluble 
product, but this also, was unsuccessful. 
Since the original reason for this particular hydro-
genation was to (a) determine the amount of ammonia evolved 
and {b) obtain more of the previous crystalline solid, and 
neither of these purposes was accomplished, the product was 
not worked up any further. 
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4) Reduction III (Lithium Aluminum Hydride) 
The method of Nystrom and Brown (10) for the re-
duction of nitro compounds was used in this experiment. 
Methyl nitramine obtained from the hydrolysis of 
ethyl N-nitro-N-methyl carbamate (see p. 61) was used in this 
reduction. Since methyl nitramine is not easily crystalliz-
able, the ether extract from the hydrolysis solution was used. 
H 
(CH3-N-N) 2LiAl + 2LiAl02 + 6H2 
! 
Two hundred ml. of ether solution of the methyl 
nitramine were dropped into a solution of 6.4 g. lithium 
aluminum hydride in 200 ml. ether, while stirring. No cool-
ing was necessary since no appreciable heating could be 
observed. The mixture was stirred for 15 minutes after 
addition was complete and water was then added drop by drop 
in order to destroy any unreacted hydride. The solution was 
then poured onto 200 ml. of ice water and 150 ml. of 40% 
sodium hydroxide added. The water layer was extracted twice 
with ether, which was then dried overnight over anh. MgS04. 
Distillation of the ether failed to produce any residue. The 
water layer was then steam distilled but this distillate gave 
continuously negative tests with Fehling's solution, in-
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dicating the absence of any methyl hydrazine. The distillate 
was then acidified with sulfUric acid and evaporated to a 
small volume. Addition of ethyl alcohol and cooling pro-
duced a very small amount of crystalline material (M.P. 65°c.) 
which was not further identified, except to note that it was 
not methyl hydrazine sulfate. 
The above experiment was tried more as a trial one, 
in order to see whether lithium aluminum hydride was useful 
for N-nitro compounds. It was repeated with larger quantitie 
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Reduction III-a 
Sixteen grams (0.138 moles) o~ methyl nitramine in 
250 ml. ether were dropped into a solution of 10 g. (0.26 
moles) lithium aluminum hydride in 300 ml. ether. A three-
necked ~lask was used, equipped with a reflux condenser, 
mercury st~rrer and separatory ~unnel. Addition o~ the 
nitramine solution produced some heating and the ~lask was 
cooled by application o~ an ice bath whenever ether was seen 
to re~lux. The solution became milky white, and soon a 
white curdy precipitate developed. The mixture was stirred 
~or an additional 15 minutes ~ter addition was completed, 
when water was added dropwise in order to decompose any 
unreacted hydride. This addition proved to be extremely 
exothermic and had to be carried out very slowly. When about 
50 ml. water had been added, no more reaction was observed 
and a~ter addition o~ 200 ml. ether in order to ~acilitate 
pouring o~ the viscous mixture, it was added to 200 ml. ice-
water and stirred w'ell. Sul~urie acid solution was then 
added until the solution was acid, during which process the 
white precipitate dissolved. The layers were then separated, 
the water layer extracted with ether and this extract added 
to the previous ether layer and dried over magnesium sulrate. 
Upon distillation o~ the ether a light brown residue remained 
which crystallized completely upon cooling and proved to be 
4.5 g. o~ recovered methyl nitramine. 
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The water layer was made basic by means of 20~ 
sodium hydroxide solution and the heavy white precipitate 
reappeared. This solution was extracted three times with 
ether but removal of the ether from the extract by dis-
tillation gave only about 1 ml. of unidentified tar. Fil-
tration of the aqueous layer gave 220 g. of gelatinous 
precipitate {probably aluminum hydroxide). The basic fil-
trate was then steam distilled but the neutral distillate 
failed to give tests with either Fehling's solution or 
ammoniacal silver nitrate, thereby indicating the absence 
of the desired methyl hydrazine. 
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Attempted Preparation or N-methyl-N-carbethoxy hydrazine 
H 
1 
CH3N-NH2 + Cl COOC2H5 ----
CH3-N(NH2)COOCgH5 + HCl 
Five grams of methy!hydrazine sulfate (Eastman 
Kodak) were added to 5 g. sodium hydroxide in 7 ml. water. 
The volume was brought to about 25 ml. by addition of water 
in order to bring all or the sulfate into solution. Three 
and three-tenths ml. ethylchlorocarbonate were then added 
slowly with cooling and stirring. Slight warming was ob-
served as the reagent went into solution. Since the re-
sultant solution still gave the Fehling's test indicative of 
the free hydrazine present, an additional 0.5 ml. chloro-
carbonate was added, after which the solution was allowed to 
stand overnight at room temperature. An oil was observed on 
the top of the solution, which was extracted with two small 
portions of ether. Evaporation of the ether produced a 
yellow oil which became quite viscous upon cooling, but no 
crystals appeared. This was then taken up in 7 cc 98% ethyl 
alcohol and cooled in the refrigerator. No crystals appeared, 
even upon evaporation of the alcoholic solution and cooling 
the residue. 
The aqueous solution still reduced Fehling's 
solution in the cold indicating hydrazine to be present. 
Heating of the solution in Fehling's reagent brought about a 
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4t vigorous release of nitrogen combined with a precipitation 
of the characteristic copper oxide. It was therefore con-
cluded that very little, if any, reaction occurred • 
• 
82. 
E. SUMMARY 
The reduction of N-nitro carbamates has not been 
successfully effected by three of the methods outlined at 
the outset of this program, but it would appear that a 
definite conclusion may be drawn from the negative results 
obtained. 
The N-N bond, linking the carbamate and the nitro 
group, was shown to be broken very easily upon attempted 
reduction. The methods to be used should therefore be the 
mildest possible. 
A temperature factor was shown to enter into re-
duction by means or catalyst, and lower temperatures seemed 
.. to prevent, or at least lessen, the tendency for the above 
mentioned bond to be broken. 
• 
It is hoped that this work has served the purpose 
of providing enough background for successful future work 
along the same lines • 
83. 
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